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(71) I, PENELOPE JANE VESEY 
LUC, of Appartement 63, 22 rue de TYvette, 
75 Paris XVI, formerly of 18 rue Fourcroy, 
Paris 17e, France, a French citizen, do hereby 
5 declare the invention, for which I pray that 
a patent may be granted to me, and the 
method by which it is to be preformed, to be 
particularly described in and by tiie follow- 
ing statement: — 

10 The present invention relates to processes 
for the formation of joins between metals, 
by direct metal-to-metal adhesion or cohesion. 

Conventionally, processes for joining metals 
involve adhesion, where a dissimilar material 

15 is used to join two metals — ^i.e. soft solder- 
ing, brazing, or cohesion where the materials 
to be joined with or without chemical or 
physical modification, become integral with 
each other. Examples of cohesive joints are (1) 

20 fusion welds made without pressure applica- 
tion which require hquefication and resoHdifi- 
cation of the metal to produce the weld. The 
result is a cast structure. (2) Pressure welds 
where heated unliquified metals arc joined by 

25 tiie application of high pressures which "up- 
set" and thin the metal in the weld area. For 
example in friction welding unit pressures 
may be in the range 2.5 kg/mm- to 25 kg/ 
mm- for very hard special steels accompanied 

30 by considerable, upsetting of the metal while 
it is in the plastic state. 

The joint in the process of the present in- 
vention is produced by a frictional process 
in which the two metal parts to be joined to- 

35 gether are held in intimate contact in the 
area in which the Joint is to be formed and 
are subjected while in intimate contact to a 
frictional treatment on a woridng surface oppo- 
site to the surface of the parts to be bonded, 

40 the frictional treatment including relative rub- 
bing movement between a tool and the work- 
ing surface, parameters of this treatment be- 
ing selected so as to produce a wide range 
of sonic and ultrasonic waves multi-direction- 

45 ally in the parts and thereby form a joint at 
the interface without substituted distortion of 
the interface. The working surface may be a 

— .....surface of a part to be joined or may be 



the surface of an inter\'ening layer of material. 
The rubbing action may derive from the rota- 50 
tion of a wheel against the working surface. 

It has to be stressed that in the present 
process the pressures applied are only those 
which are sufficient to keep the parts to be 
joined in intimate contact. These pressures are 55 
of a quite different order from the pressures 
needed in forge or friction welding processes 
where distortion of the interface and upsetting 
of the parts joined are of the essence. In the 
present process the total thickness of the 60 
joined parts usually is not substantially less 
than the total thickness of tiie component parts 
before joining. 

Examples of metals which can be joined 
together include iron, steel, tin coated steel, 65 
tin free steel (c.g. chrome-chome oxide coated 
steel), tin, alumim'imi, titanium, magnesium, 
silver, gold, platinum, copper, zinc, nickel and 
their alloys. The metal parts joined together 
may be of the same metals or dissimilar 70 
metals. 

The process may be applied in the forma- 
tion of line joins such as seams, or spot joins 
in the manner of spot welding. 

The possibility of joining metals without the 75 
use of flux or other cleaning agent or solder 
represents a considerable advantage and 
although the strength of the joint may be im- 
proved by such cleaning, satisfactory joints 
can be obtained even when the surfaces are 80 
contaminated by solid or liquid materials or 
are modified e.g. by oxide layers. 

Substantially continuous seams having such 
bonds can be formed easily with only com- 
paratively low energy requirements, compared 85 
to those used in e.g. resistance welding. 

Jomts by the process of the invention do 
not show evidence of the characteristics of 
fusion or pressure welds made as discussed 
above. ^ 

Metallurgical examination of joins obtained 
by the process show that they are not the 
result of a fusion process and no cast struc- 
ture IS present at the interface, rather a solid 
state weld has occurred witii little or no 95 
thinning or upsetting in the weld area dw to 



2 



1385,473 



2 



the low pressures applied even to thin foils or 
sheet. It has also been show that several dis- 
tinct types of join can be obtained by varying 
process parameters. For example, high tensile 

5 strength joins have been obtained in copper 
(by high speed seam welding with low pres- 
sures and high rotary tool speed) without dis- 
turbing the original grain structure of the 
metal in the join area. An example is des- 

10 cribed below. In these joins no interface can 
be distinguished in the unetched condition, but 
when etched a thin line is distinguishable at 
the interface and its thickness can be com- 
pared to the grain boundaries of the metal. 

15 The nature of this line has not yet been ascer- 
tained but it does not appear to interfere 
with the tensile strength of the joint itself. 
A similar joint, but with the occurrence of 
large size grain growth throughout the joint 

20 area of the sample has been obtained in 
aluminium, and yet a further type of result 
illustrated later has been obtained using in- 
creased pressure and lower welc^ng speed, in 
both steel and titanium. In the steel a com- 

25 pletely cohesive joint has occurred and only 
minute signs of the probable location of the 
original interface are visible at X 1000, the 
flattened grain structure of the cold rolled 
steel having change to an equi-axial structure 

30 with grain growth across the interface. In the 
titanium, where conditions varied across the 
joint, the interface is still partly visible but 
has broken up and has completely disappeared 
in some areas with the formation of large 

35 equiaxial grains. This t>pe of joint has often 
proved stronger than the base metal itself. 

It has been shown that when a sufliciently 
high powered rotar>' tool (e.g.: 3/4 H.P. or 
more) is used in combination with a hard fric- 

40 tion wheel or head to join metals, an ex- 
tremely localised pulse of energy is generated 
which acts to join them together. Investiga- 
tion of certain aspects of this phenomenon, 
which is not yet fully understood, has shown 

45 that the energy generated can be detected as 
not only a wide band of vibrauonal energy in 
at least the sonic and ultrasonic range, but also 
as a pulse of thermal energy of extremely short 
duration. Recorded measurements of the varia- 

50 tion of the thermo-electric potential with time 
both at the interface of the metals and be- 
n^th them, at the moment of passage of the 
friction wheel during the joining operation, 
show that the temperature sensed by a thermo- 

55 couple can rise to a maximum peak in a 
period as short as 5 to 125 miliisecs. This 
recorded period of temperature rise may be 
caused by the response time of the thermo- 
couple and recording system and in conse- 

60 quence the temperature rise which can exceed 
1000-C, may be alost instantaneous. After 
reaching a maximum it falls rapidiy to a 
temperature of, for example, a few hundred 
degrees centigrade whereafter the curve flat- 

65 tens out and gradual cooling of the sample 



ensues. This energy measured as a thermo- 
electric potential can be detected at the inter- 
face of two layers being joined and also at the 
outer surface of the layer not contacted by 
the wheel. It is an extremely localised pheno- 70 
menon and little or no bulk heating of the 
metal occurs. 

Frequency and amplitude analysis of the 
mechanical vibrational energy between 100 Hz 
and 160 Khz generated by the process has 75 
shown a wide band width in the sonic and 
ultrasonic range. The maximum amplitude can 
be shifted by changes in process conditions, 
and might be obtained between 12.5 KHz 
and 25 KHz or between 25 KHz and 50 80 
KHz. 

The direction of propagation of the mech- 
anical vibrational energy was also studied by 
changing ihe position of the accelerometer 
used to measure this energy with respect to 85 
the fricdon wheel. Comparative measurements 
were made with the accelerometer sensing 
energies in the three mutually perpendicular 
direcuons. The vibrations appeared to be 
generated multi-dircctionally in contrast to the 90 
vibration produced in ultrasonic welding. No 
vibrational energy need be applied to the 
wheel independently, this cnerg>^ being gener- 
ated by the contact of the rotating friction 
wheel with the work. The band width of 95 
vibrational cnerg\^ in conventional ultrasonic 
welding is narrow and the direction of the 
mechanical vibrations is limited to the direc- 
tion of the vibrational movement of the tool 
under the action of the ultrasonic generator, 100 
In the present process the vibrational cnerg\^ 
h generated "in situ'* by the action of the 
tool on the work. 

In the present process the amplitude of the 
vibrauonal energy and its frequency can be 105 
increased or decreased by respectively increas- 
ing or decreasing the pressure of the tool on 
the work, and is also dependent on such para- 
meters as tool shape and size, the material 
of whicH it is made, the speed at which it is HQ 
driven, the power of the rotar>^ motor and 
the friction tool torque as well as the choice 
cf materials, if any, backing the work. 

The pulse of thcnnal energy generated is 
of course similarly affected by a change in 115 
backing material, for example,* the use of an 
insulating, instead of a conductive, backing 
can increase the temperature rise of the 
materials during the welding operation. 

Although neither the physical mechanism 120 
involved in the metal to metal joins nor the 
mechanism by which the frictional treatment 
produces the effects which have been ob- 
served are understood or can be fully ex- 
plained, momentary fusion followed by re- 125 
crystallisation, all on a submicroscopic scale 
so that there is no visible interruption of the 
crystal structures of the uvo parts, or else 
interatomic diffusion across the interface, 
iccms to be the most reasonable and con- 130 
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sistent explanation available at the moment 
It IS now known that the frictional treatment 
produces a wide range of multi-directional 
some and ultrasonic waves in the materials 
5 which may act at the interface with great 
intensity when that interface is metal/metal. 
This would be consistent with proposals for 
the mechanism of the joining which occurs in 
ultrasonic welding, where ultrasonic waves of 
10 a smgle frequency, or of a basic frequency 
%wth its harmonics, are generated externally 
of the parts to be welded and are apphed 
under considerable pressure and in a direc- 
uonal manner through a conductor tip to the 
15 parts to form a spot-weld. These mechanistic 
proposals are found in Gencsoy and others, 
Weldmg Research, Supplement to the Weld- 
ing Journal (American Welding Society), 
April 1967, 145, and the experimental ob- 
20 servadons there described seem in many res- 
pects to be similar to those made on the 
present joins. It should be apparent from 
the foregoing general discussion that, even if, 
m the future, this is estabHshed to be the 
mechamsnc explanation of the effects pro- 
duced m tfie present process, the process steps 
involved here in producing the effects are 
completely distinct from ultrasonic welding, 
also that m the present process additional 
30 effects conducive to efficient joining, (e.g. the 
wide range of frequencies and the multi-direc- 
tional nature of the waves) arc produced. 

It has been found that in the present pro- 
cess extremely high energj' levels are registered 
at the interface by an energy-sensitive device- 
these may be of the order of 1000^0 as 
measured by a thermocouple. But such tem- 
peratures are recorded only for a very short 
period of tune, at a given point of the inter- 
40 face as tiiere is relative movement of the 
tool and the work as a whole. 

The metal parts may be in any form such 
as plate sheet, web, foil, rod or tube or even 
a metalhsation layer on a sheet, fikn or fibre. 
^ ihe metal parts which are to join together 
may be parts of the same integer or may be 
parts of different integers. One of the metals 
to be joined may be sandwiched between two 
other metal parts, e.g. solder or aluminium 
50 between two steel sheets. 

In the process of the invention the join- 
mg may be assisted by the use of auxiliary 
excitation such as ultrasonic vibration, or elec- 
„ currents or fields. This apphcation of 

55 auxiliary excitation may aid tiie formation 
of the jom but unless the frictional treatment 
were appHed no join would be formed. 
^ The application of auxiliary excitation does 
in many cases have the effect of allowing joins 
00 of high quality to be formed at a faster rate 
or with less pressure or in a generally more 
effiaent manner tiian if the excitation had 
not been used and also allows the energy used 
and apph^ by tf,e frictional tool to be less 
65 than would otherwise have been needed to 



effect the join in any particular situation. The 
fn<auonal tool itself may be used as the source 
of auxihaiy excitation when bemg mounted on 
or as the aansducer of an ultrasonic gener- 
ator, whUe a rigid backing to the parts being 70 
joined serves as an anviL Alternatively an 
ultrasomc tool opposed to the friction tool may 
be the source of ultrasonic energy. Similarly 
If an electric current or field is to be applied 
as a m^s of auxiliary excitation, one or both 75 
of the electrodes can be in the fonn of a rotat- 
mg friction tool. 

Thermal auxiliary excitation can be simple 
preheating of the materials to a temperature 
where tISpy are wann or hot but not ftised. 80 
Ihe heat may be applied by heating die back- 
ing or from a source as radiant heat or a jet 
of hot gas. However, it wiU be preferable 
actually to cool the friction wheel itself 

The usual tool used in the formation of 85 
toese joms shoiild be a hard smooth wheel 
dnven m very swift rotation: usually this will 
be rotating about an axis generally parallel 
to the general plane of die interface, and rela- 
tive speed may be increased by relative bodily 90 
mouon of die tool and tiie work, to the ex- 
tent that, particularly when easily handled, 
non-massive, thin fihns or webs are concerned, 
all the relative motion may derive from this 
bodily motion so tiiat the tool itself is a 95 
stationary foot or horn pressing against the 
moving material. 

The examples of friction wheels are those 
made of hard or hardened steels such as 

^^^T^uA^'^^' ^^^^^^ ^^ome nickel 100 

or molybdenum aUoy steels or tiiose made 
of Vespel" (a Registered Trade Mark of 
DuPont) or of "Tufnor- (a registered Trade 
Mark of Tufnol Ltd) and tiie wheels may be 
rin^/"" ,^|"^forced to resist wear and the 105 
centrifugal forces which act on them thev diev 
rotate at high speeds. The diameters may 
be suitably betNveen 4 and 10 cms and speeds 
of rotation between 3,000 and 45,000 rpm or 
above. For example, one suitable motor is a 110 
3/4 power electric motor taking 600 watts 
and capable of speeds of 54,000 ipm aldiough 
more powerful motors of 1 to 3-1/2 hoKe 
power have been successfully used 

The parts may be backed, when pressure is 115 
applied to tiiem by a stationary sheet, travell- 
mg band or a wheel or a roller 
Pressure applied (eitiier directly and wholly 

K Ik^ P^^^y ^ool and partly 

by tiie additional pressure exerting means) 120 

will vary widely according to tiie tiuckness and 
other characteristics of material(s) beini? 
omed. For example when metal sheet is joined 
to Itself pressures in tiie order of 50 Ke/ 
cm- to 100 Kg/cm= or more may be appuld 125 
from an external pressure sour^ to brin^ 
the sheet parts into sufficientiy close contact 

If ""^^ ^ ^ application 

of die frictional process. In all calS .vhere 

pressure «>apphed by tiie frictional tool alone, 130 
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applied pressure is much lower than that used 
either in ultra-sonic or forge welding pro- 
cesses. 

During bonding operations and immediately 

5 following them it is preferable to assist and 
to maintain good contact of the interfaces of 
the materials to be joined, by contact means 
which are independent of the actual friction 
source. This will avoid application of high 

10 pressure on the work through the friction 
source such as a friction wheel, and will 
greatly reduce the energy requirements of the 
process as well as wear on the friction tool. It 
will also reduce to a minimuni any mark made 

15 by the tool on the metal surface with which 
it is in direct contact. Apart from independ- 
ent pressure means provided in the seal or 
bonding area, it is possible for this purpose to 
pro\'ide a vacuum which will hold the materials 

20 to be joined in close contact, and it is also 
possible to exert air pressure on the assembly 
of materials to be joined. The friction tool 
can itself be provided with air suction or 
pressure means to ensure good contact with 

25 the materials to be joined. 

In cases where materials possess magnetic 
properties, magnetic materials, such as mag- 
netic particle filled rubber, can also be used 
as a backing in the weld area to assist inter- 
30 facial contact. 

Lastly, the underpart may when it is strong 
enough to act as the backing, without an anvil 
or other support behind it. 

A wide range of thicknesses of metal sheet 

35 can be joined by the process and for example, 
four tin plated steel blanks (each 240 microns 
thick) have been superimposed and welded 
together in a single operation. Moreover, if 
required it is possible to place a frictional 

40 source on cither side of the seam to be 
welded. These may be juxtaposed, or may 
operate on opposite sides of the seam in a 
slightly spaced relationship. 

Speeds realised in conjunction with the 

45 process are very high and for example, metal 
sheets and foil from 20 to 200 micron thick 
can be seam joined at speeds of 1 to 2 meters/ 
second or spot joins of metal to metal can be 
made in as little as l/25th second, while 

50 the work may be moved past the friction tool 
or the tool past the w^ork. 

Aictal to metal joins obtained by the pro- 
cess are often as strong as or stronger than 
the material itself. 

55 The process is also suitable for the lamina- 
lion together of metal foils or webs, when the 
friction tool suitably takes the form of a com- 
paratively wide roller. 

If the product to which the metal foil or 

60 sheet is to be laminated itself has raised areas, 
for example, if it is a metallic honeycomb 
structure and the foil or sheet is to be applied 
as a skin to its surface then the honeycomb 
structure will be covered by the metal skin 



and conveyed on a table beneath the tool 65 
which will bond the two together. 

The tool usually works through the thick- 
ness of one layer of material by being applied 
to the surface of a sheet opposite that which 
is to be joined. It need not contact any of 70 
the surfaces of the part to be joined and may 
work through an intervening layer of a 
material resistant to the adhesive or cohesive 
effect of the frictional treatment under the 
conditions used. 75 

Particularly in the case of metai-mctal join- 
ing in which the upper or outer layer of 
material to be bonded is a soft metal such as 
copper or aluminium, it has been found pre- 
ferably to lubricate the frictional tool to avoid 80 
transfer of metal to its surface and to avoid 
scarring of the surface of the sheet. 

In general it may be said that the thicker 
the materials to he joined or the harder 
the they arc then the more pressure will have 85 
to be applied and the more frictional energy 
will have to be supplied by the tool in a given 
area to produce an adequate join. Specific 
examples of processes will now be given. 

Particular processes and joins embodying 90 
the present invention will now be described 
with reference to the accompanying drawings 
wherein : 

Figure 1 is a perspective diagrammatic 
view and Figures 2, 3 and 4 are side dia- 95 
grammatic elevations, of respective embodi- 
ments of apparatus for carrying out such 

processes. 

Figures 5A, B and C are photomicro- 
graphs of a first join, 100 

Figures 6A, B and C are photomicro- 
graphs of a second join. 

Figures 7A to D are photomicrographs of 
a third join. 

Figure 8 is a graph showing temperature 105 
readings, and 

Figure 9 is a graph showing vibration fre- 
quency distributions. 

Example 1 

The joining of un-free-steel (chrome-chrome 110 
Gxide coated) 190 microns thick to a similar 
sheet 

(Using apparatus illustrated in Figure 1) 
Two pieces of sheet steel are clamped upon 
a table against an asbestos backing (1) covered 115 
with "Teflon" (du Pont Registered Trade 
Mark) coated glass-cloth. The clamps (2) 
apply pressure in the order of 50 — 100 lbs 
cm" to the sheets to ensure good contact at 
the interfaces to be joined, but a gap (3) is 120 
left in the upper clamp (in the area in which 
the join is required), to allow passage of the 
tool (4) which is to supply frictional treat- 
ment as the table carrying the work moves 
past it. The table is provided with a drive 125 
which in this example moves past the friction 
tool at a speed of 40 cms/sec. The friction 
tool is clamped in a stationar>^ position, and 
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pressure applied in the contact area bv the 
facuon wheel (5) of the tool on the «S 
sheet IS m the order of 2—3 lbs. The fric- 

^Lt <ms. diam and with a working and 
contc^ed surface 2 mm wide, and it is driven 

vJJ^ ?• controUed by a 

Vanac Transformer, and set to provide 80V 
power input to the motor. 

10 The wheel is set in modon prior to con- 
Sm.^H W-^*'""' and in the 

^ «hr^°" -^^ ^^^^ movement of 
from 1 ^nT"^'"^ A line join of 

IS «^ Ji. ^ "'^'^^ »5 achieved having a 

lbs inch. A true me^l! 
k^rgical bond IS achieved. In the apparatus of 
Figure 2, webs 10 and 11 of thi^ sted are 
pa^ed between feed rolls 12 tTbett^n^ 

20 . backing roll 14. After passing over a fad 
and coolmg roll 15 die'^laminati web ^ 
wound up on a core 16. 



wdded. The steel opening device (6) of 200 
ormx top (8) or to its side, while magnetic 

dAC-?^ ^"^^ contact^^^ 
tne drum. The rotary tool used is of a /t«t 
^yjF.drical ^e (4C) is made of Ust^ 

exicrior nm 3 nuns wide which comDrise<; t>«: 
surface wM. d„ i,»<,?S3 'g 

ij"^- .™^'y "i^tor and the dial senS- on 

ri„. contacting the work 

Contaa time of the tool wth the woiic is Tsec 

pnim so that when its "handle" tc UfZ^ 
n tears the aluminium in an Suited l^"^ ■ 



Tu .J- , Example 2 
The weldmg of a sheet of silver 100 microns 

T J '^'^ ^° ^ sunilar sheet 
surS!-iT,°°'""^*^ possibiUty of bonding 
surfaces havmg a contaminated surface, two 
pieces of highly tarnished silver sheet 

30 fin"'* *«> traverse S 

30 and as described in Example 1, but a s«ft 
backing of silicone elastomer rubber was us^d 

steel wheel was replaced by one of "Vespd" 
(du Pont Registered Trade Mark) a Mted 
35 poly.m,de resin material having a diat^eter of 
3.5 cms and a work surface of 1.5 mm 
Power input to the rotaiy tool is 50°/^ 
the Vanac transformer and the tlwe 4ss^ 
the friction head at 40 cm sec. Coniart^S 

or 1 to 2 lbs. The silver sheets are ioinpH 
together widi a very strong joii. ' 



. . . Example 3 

45 K'^'^'^f u"''^'^ "^^^ "«rons thick 

45 to gold sheet 260 microns diick 

The exan5>le is as in Example 2 above but 
JT^' sheet of silver is replac^ L a 
gold sheet, and speed of traverse of the uble 
IS reduced to 20 cms sec. The sflver is joined 
50 to the gold with a strength in exS^ of^ 
tensile sttength of the Silver sh^ whS 
shSr'^te^'' ^ both^JeeTtl 

cc TU • • , Example 4 
55 The joinmg of a circular type steel opening 
device to an aluminium drum 
(Using apparatus as illustrated in Figure 2-) 
JnVL- welding mediod is used 

m this example, the rotary tool being appliS 
60 m a vertical posidon to the surfaiis ?o be 



TU • • ■ Example 5 

The joming of a sheet of tin 140 microns thick 
to a sunilar sheet 
ri^T^ apparatus of Figure 1) 

Mnsfooner di.1 siafk 7oV .M^. '"^ 

.cop. i%rsars'i„«'^,55'°", 

Which tile tm coatmg oins to the other tin 

ai^plied pressure and in relative speSrf th^ 
fncaon tool will increase joint st^ of aI 
above menuoned samples. 

In a variant a very thin ribbon of solder 

S° h^^tf "L'l^^^"^ inter^'ofSe' 
un sneets in the area where thev are to 

<fni. ^ . 5? extremely strong bond. 

Steel mcludmg plate steel, for ^nle 
1 mm duck, can be similarly o^e^ ^fht 
interfaces must first be thoro4wyd4j^£ „^ 
"1 liquid fonn. Pressure applied bv meaiiQ 

u« of magneuc materials or fields, dSriSi 
fields, vacuum means and the likt ^"^^ 
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Example 6 

The welding of plate steel to plate steel 
1 nmi thick 
(Using the apparatus of Figure 1) 

5 The two sheets of steel are clamped into 
position against magnetic backing means. A 
wheel of special hardened steel with a wear 
resistant working surface is used and has a 
diameter of 56 mm and a working surface of 

10 3 mm wide. Input through the transformer is 
100% and the speed of passage of the work 
past the friction tool is 10 cms sec. In this 
manner the steel plates are strongly joined 
together. It has been found preferable to clean 

15 the steel sheets carefully before welding to 
conserve energy and secure an improved join. 



Example 7 

The welding of tv/o pieces of aluminium tubing 
with a butt joint 
20 (Using the apparatus illustrated in Figure 4) 
Two pieces of aluminium tubing (31) hav- 
ing a circumference on the outside of 6 cms 
and walls 300 microns thick are prepared 
for joining. Although in this example a butt 
25 joint is made it should be understood that an 
overlap joint can be made by the same means, 
or the tubing can be seamed in the longi- 
tudinal direction. In this example an inner 
hollow mandrel (33) of hard release coated 
30 and lubricated steel, is first inserted into the 
tubes to support them in the joint area and to 
serve as an intervening material to the friction 
tool, to prevent it directly contacting the tube 
walls. The abutting edges of the pipes are 
35 held together under pressure in a clamp 
34, which pressure will continue as welding 
proceeds. An outer mandrel, (35) which also 
serves as an intervening material between the 
outer die and the pipes is placed around 
40 the joint area of the pipes so that it holds the 
abutted ends firmly in position. Both the inner 
and outer mandrels remain stationary in res- 
pect of the aluminium tube. An outer die 
(36) contacts the outer mandrel in the joint 
45 area and can itself be rotatable. The tubes 
themselves are attached to drive means to cause 
them to rotate in unison. A friction tool (37) 
of hard steel is inserted into the inner mandrel 
and caused to rotate at 30,000 rpm while in 
50 this example, the tubes themselves are set 
into counter rotation at a speed of 6000 rpm, 
causing a high relative speed differential while 
pressure is simultaneously applied to force the 
pipes into close contact. Operating time is 
55 three minutes, and a cooling time is allowed 
before dissembling the apparatus. It will be 
found that the metal formed an almost in- 
visible butt joint- 
Some examples of bonds formed by pro- 
60 cesses within the invention are shown in the 
photomicrographs which are Figures 5 to 7 of 
the accompanying drawings. 



Example 8 
Figure 5A shows an etched cross section 
through the seam line of a bond between two 65 
titanium sheets of 130 /iin (1 /im=10-*m) 
thickness which were bonded by applying to 
the upper smface in Figure 5A the periphery 
3 mm wide of a Vespel (Registered Trade 
Mark) wheel of 5 cms diameter rotating at a 70 
speed of 50,000 rpm. The pressure applied at 
the point of contaa of the wheel was 2 kg. 
The imder layer of material was supported on 
a rigid insulating backing surface. The wheel 
was traversed along the join line at a speed 75 
of 50 cms second. The cross section in Figure 
5A shows how there is substantially no thin- 
ning of the parts where the wheel was pressed 
against them, and Figure SB which is at a 
magnification of 1000 shows grain growth 80 
across the interface in several areas. The 
materials were not cleaned before the experi- 
ment and the dark line indicating the interface 
position in Figure 5B is thought to be an inclu- 
sion of residual oxide or dirt, not air. An 85 
attempt to peel one sheet from the other re- 
sulted in metal being torn from one sheet. 
Figure 5C shows the crystal struaure away 
from the join area. 

It goes without saying that the ability to 90 
weld titanium to titanium is an important con- 
sideration. - 

Example 9 
In this example Figure 6A is at a magnifica- 
tion of 100 and is an unctched cross section 95 
of a joint between two sheets of copper 100 
fim thick acted on by a "silver steel" wheel 
2 mm wide and of a diameter of 5 cms rotat- 
ing at 36,000 rpm, with a pressure of 5 kg/cm 
on the tool. The speed of travel of ^e work 100 
was 10 cm/sec. In the unetched photomicro- 
graph which is Figure 6A no interface can be 
seen at all in the region of the bond but upon 
etching as in Figure 6B which is at a magni- 
fication of 350 a thin line can be seen at the 105 
interface. There is however substantial con- 
tinuity of the join right up to and through 
the interface line. Although that line is still 
visible in general, there are areas where it 
has disappeared. It is noteworthy that at the HO 
upper surface shown in Figure 6B (the one 
against which the wheel acted) there is 
evidence of fusion having occurred but there 
is none at the interface. It is also noteworthy 
that in this case (compare Example 10) the 115 
grain structure of the metals across the thick- 
ness of the two parts is unchanged from the 
original cold-rolled structure which they had 
(compare Figure 6C, which is away from the 
joint area). The tensile strength of the joint 120 
was tested and found to be greater than that 
of the sheet metal. 



Example 10 
In these Figures 7A to D are shown cross 
sections of parts of a join formed between two 
low carbon steel plates (0.15 mm thick) by 
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pressing on the upper surface of the upper one 
by means of a wheel 2 nun wide and of a dia- 
meter of 5 cms rotated at a speed of 36,000 
ipm. The pressure exerted on the barel of 

5 the friction tool was 20 Kg and the speed of 
traverse of the wheel along the bond line 
was 5 cm/sec. 

There was lubrication applied between the 
wheel and the surface on which it acted. The 

10 underplate was supported on a resilient back- 
ing. 

Figure 7A is at 30 X magnification and 
shows the whole of the bond region and the 
extent to which joining between the two strips 
15 is achieved without thinning or otherwise up- 
setting them. Figure 7B is at a ma^iification 
of 10 00 and shows a cohesion marked by re- 
crystallization and large size grain growth 
across the interface. There is continuity of 
20 structure across the interface. The structure 
of the steel is similar across the whole thick- 
ness of the bond region as can be seen by 
comparing plates 7B, C and D and that there 
has probably been energy present during the 
-^-^ formation of the bond sufficient to recrystal- 
lise the whole structure (compare Figure 7D 
where the crystal structure of the steel away 
from the join is shown). There is no sign even 
of incipient melting in the bond region. At 
30 the top surface (the one on which the lubric- 
ated wheel has borne), there is no sign of 
crystal structure reorganisation. 

The way in which temperature varies at the 
interface between metal parts is illu^iated by 
35 the graph shown as Figure 8. 

This is a reproducdon of a cathode-ray 
tube trace obtained from a thermocouple at 
the interface of two wheel sheets, each 0.15 
mm thick, at a speed of bodily movement be- 
40 tween the tool and the sheets of 2 cm/sec, 
and the pressure exerted on the axis of the 
wheel being 0.8 kg/cm^. The tool was a 
wheel of "sih^er steel", of axial thidmess 2 
at its circumference, and a diameter of 
45 5 cm, rotating at 36,000 rpm. 

The peak temperature recorded is approxi- 
mately llOO'^C, reached in about 0.01 second, 
decayed to 800*^C within 0.02 second and 
to 400°C within 0.5 sec. 
50 The wave spectrum between 1,6 KiloHertz 
(KH,) and 100 KH^ generated by fricrional 
contact between a wheel of "silver steel", 
5 cm in diameter, 2 mm in axial width at its 
circumference and rotating at 36,000 rpm and 
55 a steel sample 0.15 mm thick backed by a 
metal bar and fitted with a directional 
accclerometer, is shown in Figure 9. A pres- 
^e of 1 kg/cm- is appUed to the wheel, and 
the sample is moved past the wheel at 2 
00 cni/sec. Vibrations are generated in the sonic 
and ultrasonic ranges, with maximum ampli- 
tude at between 30 and 40 KHz in the ultea- 
sonic range. 

In this text the accelerometer was parallel 
05 to the direction of bed travel. Substantially 



shnilar results were obtained m orthoffonal 
planes. " 

Articles which can be fabricated by usin<» 
processes and joins of the present invention 
include, e.g. electronic equipment or com- 70 
ponent casings, assembly of electrical or elec- 
tronic circuits, heat exchangers, reaction 
vessels, tear strip handles. 

In general, when the speed of the rotar>' 
tool is increased linear welding speed can be 75 
increased or pressure decreased. Conversely if 
pressure is increased rotaiy tool speed can be 
reduced, or speed of joining increased, while 
a reduction in joining speed will require a re- 
duction in applied pressure and/or frictional 80 
tool speed. 

To take an example, when joining copper 
to copper a joining speed for a seam weld 
can be 10 cms/sec, pressure applied to the 
friction tool barrel as low as 5 kg/cm= and 85 
rotary tool speed 36,000 rpm. If applied pres- 
sure is increase'd to 10 kg/cm^ rotary tool 
speed can be reduced to 15—20,000 rpm, 
while welding space is maintained. 



WHAT I CLAIM IS: — 
1. A process for joining metal parts to- 
gether by a metal-to-metal bond wherein at 
least two metal parts to be bonded together 
are held in intimate contact in the area in 
which the join is to be formed at an inter- 
face between them and are subjected while 
in intimate contact to a frictional treatment 
on a working surface opposite to the area 
where the join is to be formed, the frictional 
treatment including a relative rubbing move- 
ment between a tool and the working surface, 
parameters of this treatment being seleaed 
so as to produce a wide range of sonic and 
ultrasonic waves multi-directionally in the 
part and thereby form a join at the inter- 
face without substantial distortion of the inter- 
face. 

2. A process according to claim 1 wherein 
the tool is operated so as to produce at the 
interface an extremely high energy level, as 
measured as temperature, for an extremely 
short period of time. 

3. A process according to any one of the 
preceding claims wherem the join forms a con- 
tmuous seam. 

4. A process according to any one of the 
preceding claims wherein the tool is applied 
direcdy to one of the parts. 

5. A process according to any one of the 
preceding claims wherein more than two metal 
parts are joined together simultaneously. 

6. A process according to any one of the 
preceding claims wherein titanium parts are 
joined together. 

7. A process according to any one of claims 10^ 
1 to 5 wherem the metal parts are of tita- 
mum, copper, tinplate, steel, aluminium, tin- 
free steel, alloys containing them; or any 
pair of these metals. ^ 
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8. A process according to any one of the 
preceding claims wherein lubrication is applied 
between the tool and the working surface. 

9. A process according to any one of the 
5 preceding claims using a rotating wheel of 

between 4 and 10 cms diameter rotating at 
3,000 rpm or above, 

10. A process according to any one of the 
preceding claims wherein the wheel is driven 

10 hy a motor of at least 1 hp. 

11. Article which has two metal parts 
joined by a process as claimed in any one of 
the preceding claims. 

12. Article having a metal-to-metal joint 
15 formed across an interface between metal 

parts by a process as claimed in any one of 
claims 1 to 11 the joint being characterised 
by: — 

i) an absence of melting in the immedi- 
20 ate region of the interface and 

ii) substantially continuous "crystal struc- 
ture across at least a substantial part of 
the interface and 

iii) a substantial absence of thinning of 
25 the parts at the joint. 

13. Article according to claim 12 addition- 



ally characterised by the substantial disappear- 
ance of any interface. 

14. Article according to claim 12 or claim 

13 additionally characterised by the uni- 30 
fomiity of crystal structure across substan- 
tially all of the thickness of the parts at the 
join, this structure being different from the 
structure in these parts at a position remote 
from the join. 35 

15. Anicle according to claim 12, claim 
13 or claim 14 characterised by the join being 
a continuous seam line. 

16. Methods of joining metal parts subsun- 
tially as herein described in the Examples or 40 
with reference to the accompanying draw- 
ings. 

17. Articles having a mctal-to-metal joint 
substantially as herein described with refer- 
ence to the Examples or with reference to 45 
and as shown in Figures 5, 6 and 7 of the 
accompanying drawings. 

AlEWBURN ELLIS & CO., 
Chartered Patent Agents, 
70 & 72 Chancery Lane, 

London WC2A IAD. 
Agents for the Applicants. 
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